SUMMARY
A 60-year-old man was diagnosed with severe sepsis caused by pyelonephritis. During transfer to the hospital room, he suddenly developed ventricular fibrillation and the patient recovered after electrical defibrillation. After this cardiac event, his haemodynamics collapsed despite administration of crystalloid fluid. Transthoracic echocardiography was immediately performed showing the oedema and reduced left ventricular wall motion. Since the haemodynamic collapse was too severe to maintain with conventional septic shock therapy, we introduced extracorporeal cardiopulmonary resuscitation, bridging to administration of antibiotics. As a result of these combined therapies, the patient was successfully resuscitated. From this clinical course, we finally diagnosed that the severe sepsis was concomitant with myocardial depression. Introduction of mechanical support, including extracorporeal cardiopulmonary resuscitation may be recommendable in cases of severe sepsis with myocardial depression resulting in haemodynamic collapse, however, the option of introduction of an invasive approach needs further examination.
BACKGROUND
The mortality rate of severe sepsis and septic shock is still high, being approximately 20-40%. 1 2 Moreover, since the 1980s, development of myocardial depression induced by severe sepsis has been reported and its concomitance is known to result in a dramatic increase in the mortality rate of up to 70%. [1] [2] [3] The mechanism of myocardial depression induced by severe sepsis has been found to involve the activation of various chemical mediators. 3 4 However, the early diagnosis of sepsis-induced myocardial depression with the potential to develop severe circulatory disturbance has not been simple. The possible reason for this is the recognition of this phenomenon itself is lacking and the standard concept and diagnostic methodology on sepsis-induced myocardial depression has not been established. We report a case of severe sepsis concomitant with acute myocardial depression; the patient was successfully treated using extracorporeal cardiopulmonary resuscitation beginning at the initial phase of severe sepsis. Furthermore, we show how to promptly diagnose the development of myocardial depression with severe sepsis, and how to prevent the occurrence of this condition.
CASE PRESENTATION
We present a case of a 60-year-old man with a history of cerebral haemorrhage with left hemiplaegia, aortic valve replacement due to aortic valve regurgitation, and type A aortic dissection, which was treated with only antihypertensive drugs because of past disorders. Despite this background, his medical condition had remained stable and his cardiac function was preserved. He visited a general hospital because of running fever and was diagnosed with pyelonephritis by CT findings. He was transferred to our hospital for intensive care. On physical examination, the patient's conscious level was lethargic, body temperature was 39.9°C, blood pressure 102/60 mm Hg, heart rate 105 bpm, respiratory rate 26 breaths/min and oxygen saturation was 94% at ambient air. The contrast CT showed bilateral perirenal inflammation, left intrarenal abscess and calculus (figure 1). On laboratory analysis, white cell counts (WCC) was 13 200/mL, C reactive protein (CRP) level was 9.53 mg/dL, lactates were above 2 mmol/L and copious amounts of bacteria were found on urine analysis, which were later identified by urine culture as Escherichia coli. Other abnormal data were: level of creatine phosphokinase (CPK) 388 U/L and level of troponin I 0.18 ng/mL. ECG showed sinus rhythm and complete right bundle branch block, which were unchanged from previous records, and chest X-ray showed neither infiltration nor pleural effusion ( figure 2A, B) . According to these findings, we diagnosed the patient with severe sepsis induced by pyelonephritis, while comorbidity of slight myocardial damage was suspected. During transfer to the Figure 1 Contrast CT findings at initial visit. Arrow shows left intrarenal abscess.
hospital room, ventricular fibrillation suddenly developed; however, the patient recovered with electrical defibrillation at 200 J. After this cardiac event, his haemodynamics collapsed, showing less than 80 mm Hg of blood pressure even with high volume crystalloid fluid infusion. Therefore, transthoracic echocardiography was immediately performed to find the cause of the sudden cardiac event and to initiate prompt and appropriate clinical management. This showed significant oedema of the left ventricular (LV) wall and reduced wall motion with an estimated LV ejection fraction (LVEF) of 36%, which were similar to the echocardiographic findings of acute myocarditis (figure 3A). 5 Other findings, such as LV wall thinning, asynergy of LV wall and structural valvular deterioration, that is, perivalvular leakage or valvular thrombosis, were not found. Despite the administration of high-doses of norepinephrine and crystalloid fluid, the haemodynamic collapse was severe enough to warrant immediate introduction of mechanical ventilation and extracorporeal cardiopulmonary resuscitation, after which we performed coronary angiography. After this invasive treatment and examination, we started conventional therapy for septic shock.
DIFFERENTIAL DIAGNOSIS
As the cause of the acute cardiac event, we suspected the following diseases: acute coronary syndrome (ACS), apical ballooning syndrome, acute myocarditis and septic cardiomyopathy.
We excluded ACS by performing coronary angiography directly after the administration of extracorporeal cardiopulmonary resuscitation, to find no significant stenosis on coronary arteries. Apical ballooning syndrome was also a possible cause because of this stressful situation. However, we excluded it because the echocardiography did not show the typical regional wall motion abnormalities involving the mid-segments and apical-segments. The differentiation between acute myocarditis and sepsis-induced myocardial depression is difficult because there is no standardised concept on differentiation. Both are essentially myocardial inflammation, and clinical and pathophysiological presentations are similar, however, pathophysiology shows the obvious source of infection in other organs and/or tissues that are causing severe sepsis. Even so, we could not initially diagnose it because of lack of recognition of the disease and lack of conclusive factors to differentiate it, especially from acute myocarditis. When we found synchrony between regression of systemic inflammation and improvement of cardiac function, it led us to recognise the disease and to finally make the diagnosis (figure 4).
TREATMENT
After the introduction of mechanical ventilation and extracorporeal cardiopulmonary resuscitation, we administrated antibiotics targeting Gram-negative bacteria including E. coli for urosepsis, and also administered an anticoagulant agent and crystalloid fluid according to the guidelines. 1 6 OUTCOME AND FOLLOW-UP Fortunately, the antibiotics were effective enough to suppress the inflammation as follows: fever was alleviated on day 5, and WCC count and CRP level decreased from 38 100/mL and 32 ng/mL at maximum, to 9000 ml/mL and 2.1 ng/mL, respectively, on day 7.
In accordance with successful suppression of the inflammation, the patient's haemodynamics improved enough to remove the extracorporeal cardiopulmonary resuscitation on day 7, and to extubate on day 9. The maximum level of CPK was 1720 U/dL on day 3, and decreased to normal range on day 5. Importantly, from the findings of transthoracic echocardiography, we confirmed that the cardiac function was obviously improved in accordance with suppression of inflammation, that is, oedema of the LV wall had regressed and the LV wall motion had improved with LVEF of 64% on day 41 (figure 3B). On day 40, we performed endomyocardial biopsy from the right ventricle. According to the standardised diagnostic manifestation, it is recommended to perform endocardial biopsy at the acute phase. However, we did not have time to do so because of the haemodynamic instability. At the subacute phase, just before discharge, we performed an endomyocardial biopsy since slight reduction of ventricular regional wall motion remained even though the patient had recovered from urosepsis. The pathological findings showed the unspecified myocardial inflammation to be a slight infiltration of lymphocytes and macrophages, and hypertrophy of the cardiac muscles; there was no sign of direct bacterial infection to the myocardium. 7 ( figure 5) . As a result, the pathological findings at the subacute phase did not help with the differential diagnosis, especially between sepsis-induced myocardial depression and conventional myocarditis.
On day 43, the patient was discharged and there was no sign of recurrence of cardiac dysfunction on day 360, although there are some reports that hospital discharge after sepsis remains an increased risk during the following month and years. 1 
DISCUSSION
There are numerous reports showing that myocardial depression is concomitant with severe sepsis, 1 and some reports have shown the dramatic increase of the mortality rate in cases of myocardial damage with severe sepsis. 3 Even though our case of myocardial damage may not appear severe when judged from the maximum CPK level, its development induced by the severe sepsis caused catastrophic collapse of haemodynamics. Unfortunately, possibility of sepsis-induced myocardial depression is not well recognised by general physicians or even by emergency physicians. This fact can lead to failure of early diagnosis, and may consequently result in death. 1 3 8-10 Therefore, early recognition of possible concomitance of myocardial damage is necessary for prompt intervention not only in sepsis but also in heart failure. For prompt recognition and diagnosis of myocardial depression, echocardiography is reliable and less time consuming than other modalities, so we suggest it when a patient with severe sepsis does not respond to initial volume infusion or if myocardial damage is suspected based on laboratory analysis, that is, abnormal elevation of cardiac enzyme and/or troponin I. 5 11-13 When reduction of cardiac function and/ or oedema of LV wall is found, we should suspect the comorbidity of sepsis-induced myocardial depression. Even if the echocardiography does not show the abovementioned findings at an early stage, repeating the estimation is recommended in cases of severe sepsis with suspicious myocardial dysfunction.
Additionally, we should pay heed to the patient's clinical history to predict the sensitivity to fall in sepsis-induced myocardial depression. However, there are few reports on predictors of the development of myocardial depression with severe sepsis. 3 14 From the present case, it is deduced that those patients with a history of cardiac disease are likely to develop myocardial damage, if they have severe sepsis. According to the mechanism of severe sepsis, that is, inappropriate immune reaction followed by sepsis-associate immunosuppression, patients with an immunodeficient condition also run a higher risk of developing myocardial depression, 3 for example, one of our patients with immunodeficient disease, after getting severe sepsis, developed abrupt haemodynamic collapse rapidly resulting in death. The autopsy of that case revealed a global necrotic heart. From these experiences, we suppose we should suspect that patients with severe sepsis associated with immunodeficiency or history of cardiac disease would be likely to develop myocardial damage.
Considering the difficulty we experienced in reaching diagnosis, further epidemiology research and establishment of a standardised guideline for early diagnosis are desirable.
In our case, the haemodynamic collapse became catastrophic, so that immediate introduction of mechanical support was necessary to preserve multiorgan haemodynamics prior to administration of antibiotics (a rather standardised treatment for the current case). 1 After this invasive approach, we immediately started the administration of antibiotics, anticoagulant agents and crystalloid fluid, although the latter is reportedly less effective on early septic shock. 9 10 Recently, as non-invasive therapies, β-blockers, statins and hydrocortisone are reported as possible effective agents for severe sepsis. 8 15 However, for patients with collapsed haemodynamics, the established non-invasive therapy would not be sufficient for resuscitation. Prompt recovery and preservation of haemodynamics are essential to prevent multiorgan damage. Thus, even in cases of severe sepsis, when haemodynamic insufficiency is severe due to myocardial depression, an invasive approach including intra-aortic balloon pumping and/or extracorporeal cardiopulmonary resuscitation on initial phase is possibly effective for resuscitation. It has been reported that intra-aortic balloon pumping increases the resuscitation rate of septic shock, 16 17 although it has not been counted as a standard therapy. In the present case, we introduced extracorporeal cardiopulmonary resuscitation because the patient had an untreated aortic dissection, even though there has been little reported assessing the efficacy of this course on sepsis-induced myocardial depression. This treatment is commonly known for its short-term and long-term survival benefit in patients with haemodynamic collapse of cardiac origin, 18 so we suggest this device for patients with sepsis-induced myocardial depression, bridging to the administration of adequate antibiotics. Further examination of the risk and benefits of extracorporeal cardiopulmonary resuscitation for patients with severe sepsis and early septic shock concomitant with myocardial depression is needed.
Learning points
▸ Severe sepsis and septic shock are common comorbidities with myocardial depression, the clinical presentation of which is similar to acute myocarditis. ▸ Echocardiography, rather than laboratory analysis, can be the first line for estimation of cardiac function in situations of emergency. ▸ Introduction of mechanical support, especially extracorporeal cardiopulmonary resuscitation for the initial phase of severe sepsis, is greatly effective in severe sepsis and septic shock that is comorbid with myocardial depression. 
